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Pleural abnormalitiesAbstract Background: Management of patients in the critical care setting is crucial. The availabil-
ity, the absence of ionizing radiation and the non invasive nature of chest ultrasonography (US)
have currently increased its use in the up-to-date work-up of various pleuropulmonary abnormal-
ities in the critical care setting.
Objective: To evaluate the sensitivity, speciﬁcity and diagnostic accuracy of chest US for various
pleuropulmonary abnormalities in intensive care unit (ICU) patients.
Materials and methods: Ninety consecutive patients admitted in chest ICU with respiratory distress
were assessed clinically and by chest radiography (CXR). They were suspected to have a provisional
diagnosis of any of the following pathological entities: pneumonic consolidation, bronchogenic car-
cinoma, metastatic pulmonary nodules, pleural effusion, pneumothorax, hydropneumothorax and
mesothelioma. These patients were scheduled for chest computed tomography (CT) and prospec-
tively reviewed using chest US. The results of chest US were compared with these of chest CT
for each encountered pathological entity using chest CT as the diagnostic standard of reference
to subsequently calculate the sensitivity, speciﬁcity and diagnostic accuracy of chest US.
Results: The sensitivity, speciﬁcity and diagnostic accuracy of chest US were 100%, 96% and 97%
for pneumonic consolidation, 71%, 100% and 98% for bronchogenic carcinoma and 92%, 100%
and 99% for pneumothorax respectively. The sensitivity, speciﬁcity and diagnostic accuracy of
100% for the rest of the included pathological entities were obtained.
Conclusion: Chest ultrasonography has a considerable diagnostic performance for various pleuro-
pulmonary pathological conditions that may be encountered in the ICU patients making it as an
adjunct tool in the up-to-date work-up of the ICU setting.
 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.
Table 2 Patients’ characteristics including age, sex and the
encountered pathological entities with the patients’ number for
each entity.
Age (years) Mean age: 50 years;
age range: 45–65 years
Sex (male patients’ number/female
patients’ number)
55/35
Pneumonic consolidation 16
Bronchogenic carcinoma 7
Metastatic pulmonary nodules 6
Pleural eﬀusion 36
Pneumothorax 12
Hydropneumothorax 6
Mesothelioma 7
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Management of critically ill patients requires imaging tech-
niques which are essential for optimizing diagnostic and ther-
apeutic procedures (1). Chest diagnostic imaging is essential
when dealing with a critically ill patient (2). Chest computed
tomography (CT) is the gold standard for lung imaging; how-
ever, it cannot be performed on a routine basis (3). As well,
chest CT requires patients to be transported out of the inten-
sive care unit (ICU) putting them at risk of adverse events
(4). In addition to the transportation of critically ill patients
to the radiology department, the radiation exposure carries a
measurable risk (3).
Nowadays, chest ultrasonography (US) is increasingly used
in patients managed in the intensive care units (1,5). Moreover,
US is a readily available non invasive imaging technique (6)
and is useful in imaging lung consolidation, pleural-based
masses, pleural effusions and pneumothorax (7). Therefore,
there is growing enthusiasm for the use of US providing more
immediate, point-of-care imaging (8).
Accordingly, we included various pathological entities so as
to investigate the diagnostic performance of chest US, as a
bedside tool devoid of ionizing radiation and offering immedi-
ate results, in critically ill patients with wide spectrum of pleu-
ropulmonary abnormalities that may be encountered in the
ICU setting. We did not take chest radiography (CXR) pur-
posely into account primarily to assess the sensitivity, speciﬁc-
ity and diagnostic accuracy of chest US as an individual
variable for the detection of various pathological abnormali-
ties in a group of intensive care unit (ICU) patients using chest
CT as the diagnostic standard of reference. Secondarily, some
CXR are inherently of suboptimal diagnostic capability for
ICU patients as they are portable supine radiographs, hence,
of poor quality and of low sensitivity.
2. Materials and methods
2.1. Patients
This is a prospective study conducted from August 2012 to
March 2013 in which 90 consecutive patients were enrolled.
They were admitted in chest ICU with respiratory failure
and were assessed clinically and by CXR. The eligibility
criteria included provisional diagnosis of any of the following
pathological entities: pneumonic consolidation, bronchogenic
carcinoma, metastatic pulmonary nodules, pleural effusion,Table 1 Differential diagnostic criteria of chest US for distinguishin
and compressive atelectasis [Quoted from (12)].
Pneumonic consolidation Peripheral b
Echogenicity Hypoechoic Hypoechoic
Echotexture Non homogenous Mostly hom
Shape Irregular Rounded or
Border Serrated margin Inﬁltrating g
Air bronchogram A regular feature None
Characteristic
features
Fluid bronchogram
may be visible
A single tiss
may occurpneumothorax, hydropneumothorax and mesothelioma. These
patients were also scheduled for postcontrast chest CT for fur-
ther appraisal of the provisional diagnoses made. The previ-
ously mentioned diagnoses for patient’s selection were
purposely designed to cover a wide spectrum of the encoun-
tered abnormalities. We also aimed to investigate these various
abnormalities in the ICU setting to show up the diagnostic per-
formance of chest US as an adjunct tool in the up-to-date
work-up for these critical patients. On the other hand, patients
having contraindications for postcontrast chest MDCT (renal
failure and/or allergy to iodine contrast) and those with
hazardous transportation to CT unit were excluded from our
study.
Our study protocol was approved by the Committee of Eth-
ics. The patients included in our study underwent chest US and
chest CT with a time interval of 24 h. They were included in
the order they showed up. Informed written consents were ob-
tained by patients themselves or by their relatives.
2.2. Multiple detector computed tomography (MDCT)
MDCT was performed with a GE Brightspeed Edge Select (8
Slice CT scanner). Scans were obtained in the supine position
from the apex of the thorax to the lung bases. MDCT scans
were evaluated for pulmonary abnormalities (pneumonic
consolidation, metastatic pulmonary nodules, bronchogenic
carcinoma and atelectasis) and pleural abnormalities (pleural
effusion, pneumothorax hydropneumothorax and mesotheli-g pneumonic consolidation, peripheral bronchogenic carcinoma
ronchogenic carcinoma Compressive atelectasis
Moderately echogenic
ogenous Mostly non homogenous
polycyclic Concave
rowth Sharp and smooth
Often
ue necrosis Associated with large eﬀusion and a
breath- and heart beat-dependent
motion within the eﬀusion
Table 3 Sensitivity, speciﬁcity, positive and negative predictive values and diagnostic accuracy of chest US compared to chest CT for
each encountered pathological entity. True positive (TP), true negative (TN), false positive (FP), false negative (FN).
Pathological entitty Chest US Chest CT + ve Chest CT -ve Sensitivity (%)a Speciﬁcity (%)b PPV (%)c NPV (%)d DA (%)e
Pneumonic consolidation + 16 3
 0 71 100 96 84 100 97
Bronchogenic carcinoma + 5 0
 2 83 71 100 100 98 98
Metastatic pulmonary nodules + 6 0
 0 84 100 100 100 100 100
Pleural eﬀusion + 36 0
 0 54 100 100 100 100 100
Pneumothorax + 11 0
 1 78 92 100 100 99 99
Hydropneumothorax + 6 0
 0 84 100 100 100 100 100
Mesothelioma + 7 0
 0 83 100 100 100 100 100
a Sensitivity = [TP/(TP + FN)] · 100
b Speciﬁcity = [TN/(TN+ FP)] · 100
c Positive predictive value (PPV) = [TP/(TP + FP)] · 100
d Negative predictive value (NPV) = [TN/(TN+ FN)] · 100
e Diagnostic accuracy (DA) = [(TP + TN)/(TP + TN+ FP+ FN)] · 100
Fig. 1 (A) Chest US image in B-mode shows A-lines (white
arrows) and B-lines (asterisks). A-lines (white arrows) are seen as
multiple horizontal echogenic lines which are parallel and deep to
the pleural line (black arrow). Whereas, B-lines (asterisks) are seen
as vertical hyperechoic, narrow-based bands originating immedi-
ately below the bright pleural reﬂection and extending to the lower
edge of the image. (B) Chest US image in M-mode displays the
typical so-called ‘‘seashore’’ sign which is consistent with the
normal lung sliding seen as a homogenous granular pattern below
the pleural line.
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tion, size, borders and CT density. The radiologist who studied
chest MDCT images has more than 10 years of experience and
was unaware of chest US ﬁndings. In this study, we adopted
the terminology of the abnormalities detected by chest MDCT
as described by the Nomenclature Committee of the Fleischner
Society (9).
2.3. Chest ultrasonography
Chest US was performed by the other radiologist who has
more than 7 years of experience and was attentive of the pa-
tient’s clinical history, however, unbiased to chest MDCT.
Chest US was performed using Shenzhen mindray DP-1100
plus (China) with a linear array 7.5–10 MHz transducer,
curved array 3.5 MHz transducer and a real-time apparatus
with gray-scale (B-mode) and time-motion mode (M-mode).
The anterior surface of each lung was deﬁned by clavicle, par-
asternal, anterior axillary line and diaphragm, whereas, the
posterior lung surface was deﬁned by the posterior axillary
and the paravertebral lines. On the other hand, the lateral sur-
face was deﬁned by the anterior and posterior axillary lines.
Each surface was divided into an upper and lower area.
The apex was scanned from the supraclavicular space. Pa-
tients were examined in the supine position and in the lateral
position to examine the posterior lung surface using longitudi-
nal and transverse scans to all intercostal spaces bilaterally
from the base of the lung to the apex of the chest cavity. Exam-
ination of patients in the upright (sitting) position was used
whenever possible. Identiﬁcation of normal lung was done as
the normal lung generates lung sliding and ‘‘A-lines’’ (repeti-
tion lines parallel to the pleural line) (5). These are in addition
to demonstration of the ‘‘seashore sign’’ on M-mode (the gran-
ular pattern of the respirophasic movement that underlies the
horizontal motionless layers of the chest wall and the equiva-
lent of lung sliding in B-mode) (10) and B-lines which are also
AB C
Fig. 2 (A) Chest US image in B-mode displays lung consolidation (showing echogenicity similar to that of the liver) which contains
multiple punctiform echogenic foci of air bronchogram inside (arrowed). The air bronchogram is nicely demonstrated as noted in the
following CT images. (B and C) Postcontrast chest CT axial images in lung (B) and mediastinal (C) window settings display a
consolidative process involving the left lower lung lobe with clearly seen air bronchogram (arrowed).
782 R. Refaat, L.A. Abdurrahmancalled ‘‘comet tails’’ or ‘‘lung rockets’’ (one or more mobile
vertically orientated lines that originate at the pleural inter-
face) (11).
2.4. The descriptive terms of the chest abnormalities concerned
in this study using chest ultrasonography are as follows
Consolidated lung was diagnosed when it has echogenicity
similar to that of the liver (11). The sonographic appearance
of pneumonia was made on basis of parenchymal and pleural
criteria. Regarding the parenchymal criteria, they include
hypoechoic area of variable size and shape with irregular
and serrated margins and a heterogeneous echotexture with
air bronchogram (multiple lentil-sized air inlets of few millime-
ters in diameter or a tree-shaped echogenic structure represent-
ing the air-ﬁlled bronchi) or ﬂuid bronchogram (echo-free
avascular tubular structures representing ﬂuid ﬁlled bronchi).
On the other hand, the pleural criteria include a localized pleu-
ral effusion or a basal pleural effusion describing the pleural
ﬂuid which accumulates in the costophrenic angle (12).
For peripheral bronchogenic carcinomas, they usually ap-
pear as round or oval, sometimes polycyclic, hypoechoic lesion
(13) with typically absent air bronchogram (13,14). Tumor
necrosis can be seen as a particularly hypoechoic to anechoic
region within the tumor (14). The previously described pneu-
monic consolidation and peripheral bronchogenic carcinoma
were differentiated from compression atelectasis (discussedbelow as a consequence of space-occupying pleural effusion)
as shown in Table 1. For central bronchogenic carcinoma,
the distal atelectasis due to obstruction was identiﬁed (13)
appearing more echogenic than the hypoechoic central
obstructive tumor (15). Metastatic pulmonary nodules were
considered when one or more pulmonary nodules was detected
in a patient with a history of underlying malignancy as this is
almost always suggestive of metastatic disease (16). The nod-
ules were identiﬁed having round shape with typically clear
borders and variable echotexture (14).
Concerning pleural abnormalities, the diagnostic criteria
for pleural effusion included any of the following: demonstra-
tion of an anechoic space between the visceral and parietal
pleura which varies during breathing (17), the presence of
parenchymal atelectasis appearing in the form of a short
lingula ﬂoating in an anechoic space (18) or visualization of
echogenic particles and moving septa that move in an anechoic
space (17). Sinusoid sign was also used indicating pleural effu-
sion regardless of its echogenicity (1,5).
Alternatively, pneumothorax was diagnosed by absent lung
sliding in combination with the A-line sign (only A-lines) as
this constellation is very speciﬁc for pneumothorax (19). Fur-
thermore, on M-mode, the normal granular pattern ‘‘sea-shore
sign’’ is replaced by horizontal lines ‘‘stratosphere sign’’ which
represent abolition of lung sliding (20). The lung point sign
indicating the area in which the lung intermittently comes in
contact with the chest wall during respiration (10) was
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On the other hand, when local lung sliding or B-lines (lung
rocket) was detected, diagnosis was excluded (20).
Hydropneumothorax was identiﬁed by visualization of air-
ﬂuid boundary which can move with respiration, absent sliding
sign above the air-ﬂuid level (22) and the ‘‘curtain sign’’ (rever-
beration artifacts originating from the air within the pleura
obscuring the underlying effusion during inspiration) (23).
Considering mesothelioma, it was diagnosed by demonstration
of diffuse pleural thickening with accompanying pleural calci-
ﬁcations, pleural effusion and focal pleural mass (17).
2.5. Data analysis
A hemithorax was categorized as positive for an abnormality if
it presented at least one positive region, while, it was catego-
rized as negative if all regions were free of any abnormality.
The results of chest US were compared with the corresponding
chest MDCT ﬁndings using chest MDCT as the diagnostic
standard of reference. The sensitivity, speciﬁcity, positive
predictive value (PPV), negative predictive value (NPV) and
diagnostic accuracy (DA) of chest US for each encountered
pathological entity were calculated using standard formulas.A
B C
Fig. 3 (A) Chest US image in B-mode clearly demonstrates a cen
comparison to the more echogenic distal lung consolidation. (B and C)
show a small right-sided perihilar soft tissue attenuation mass (black a
lung collapse. A note is made of the positive air bronchogram in the co
emphysematous changes of the left lung. Histopathology revealed non3. Results
The patients included in our study were 55 males and 35 fe-
males with mean age of 50 years and age range of 45–65 years.
The provisional diagnoses with the patients’ number are listed
in Table 2. 180 hemithoraces (2 in each patient) were evaluated
by chest US and chest CT. The sensitivity, speciﬁcity, PPV,
NPV and DA of chest US for each encountered pathological
entity were calculated using standard formulas as shown in
Table 3.
Chest US had one false negative result for pneumothorax,
two false negative results for bronchogenic carcinomas and
three false positive results for pneumonic consolidation. Thus,
the sensitivity, speciﬁcity, PPV, NPV and DA of chest US were
92%, 100%, 100%, 99% and 99% for pneumothorax, 71%,
100%, 100%, 98% and 98% for bronchogenic carcinoma
and 100%, 96%, 84%, 100% and 97% for pneumonic consol-
idation respectively. Conversely, chest US did not have any
false positive or false negative results throughout the rest of
the abnormalities included in our study. Therefore, the values
of the sensitivity, speciﬁcity, PPV, NPV and DA of chest US
were 100% for metastatic pulmonary nodules, pleural effusion,
hydropneumothorax and mesothelioma.tral obstructive mass appearing slightly hypoechoic (arrowed) in
Postcontrast chest CT axial images in mediastinal window settings
rrows) with abrupt bronchial termination and distal consolidation
nsolidated collapsed right lung (yellow arrows) and compensatory
-small cell lung carcinoma.
Fig. 4 (A) Chest US image in B-mode shows an anechoic right-
sided pleural effusion which is abundant enough to be compressive
with the atelectatic underlying right lung. The atelectatic under-
lying right lung is seen as consolidated appearing of liver-like
echogenicity and ﬂoating in the pleural effusion. (B) Chest US
image in M-mode displays the sinusoidal sign which represents the
undulating movements of the lung and visceral pleura in the
pleural effusion. (C and D) Postcontrast chest CT axial images in
lung (C) and mediastinal (D) window settings display right-sided,
crescent-shaped, posterior and basal pleural effusion (free effu-
sion) with partial compression collapse of the underlying lower
lung lobe.
784 R. Refaat, L.A. AbdurrahmanConsequently, chest US exhibited high overall sensitivity,
speciﬁcity and diagnostic accuracy for all pleural and pulmon-
ary pathologies. Therefore, chest US was performed well in
detection of various pleural and pulmonary diseases among
the patients enrolled in this study.
4. Discussion
Although, it is entrenched that portable CXR is the most com-
monly requested radiographic examination (24), limitations of
portable CXR have been well described and lead to poor qual-
ity X-ray ﬁlms with low sensitivity. Moreover, it has been
shown that even under carefully controlled exposure condi-
tions more than 30% of the X-ray ﬁlms are considered subop-
timal (25).
In this study, we evaluated chest US as an individual vari-
able and we did not use chest radiography purposely for inter-
pretation in various pathological entities whether pulmonary
or pleural in a group of ICU patients. For the reason that
some CXR were inevitably of poor value and low sensitivity
with those ICU patients for whom supine portable radio-
graphs were taken. The concerned pulmonary entities included
pneumonic consolidation, bronchogenic carcinoma and meta-
static pulmonary nodules. On the other hand, the concerned
pleural entities included pleural effusion, pneumothorax,
hydropneumothorax and mesothelioma. We selected these var-
ious pathological entities as they had important implications in
patient’s management. Moreover, physicians in ICU are cor-
nered by the bad patient’s general condition that may hinder
further patient’s transfer. This is in addition to the low avail-
ability of the investigations that could help to reach disease
diagnosis. Therein, we intended to evaluate the diagnostic per-
formance of chest US, as a simple and widely available bedside
tool, by accurate examination of all lung regions in each pa-
tient and by comparing these ﬁndings with the ﬁndings of chest
MDCT using chest MDCT as the diagnostic standard of
reference.
In the current study, identiﬁcation of normal lung was
made by visualization of lung sliding and A-lines. These are
in addition to B-lines and the seashore sign on M-mode (the
equivalent of lung sliding) (Fig. 1). Alternatively, we identiﬁed
pneumonic consolidation as we were attentive of the patient’s
clinical history and by using the parenchymal and pleural cri-
teria with a corresponding sensitivity of 100%. These are com-
pared to the results of the study performed by Shah et al. (26)
as US had an overall sensitivity of 86%, speciﬁcity of 89% for
diagnosing pneumonia by visualizing lung consolidation with
sonographic air bronchogram. Additionally, detection of
pneumonic consolidation by chest US in our study was
strongly correlated with its presence on chest CT as shown
in Fig. 2. However, chest US had three false positive cases
resulting in a speciﬁcity of 96%. These false positive results
may be attributed to the time interval between chest US and
chest MDCT (up to 24 h). This is in addition to the patient’s
mobilization and transportation which in turn may result in
resolution of small- sized pneumonic consolidation particu-
larly in mechanically ventilated patients.
In identifying bronchogenic carcinomas, chest US had a
sensitivity, speciﬁcity and diagnostic accuracy of 71%, 100%
and 98% respectively. For central lung tumors, it was found
that US can distinguish between atelectasis and a central mass
AB C
D E
Fig. 5 (A) Chest US in B-mode shows a moderate amount of encysted pleural effusion which is associated with marked pleural
thickening. The dependent part of the effusion shows increased echogenicity (yellow arrow) with thick septations (white arrow) inside.
These ultrasonographic ﬁndings are keeping with complex septated type of effusion. (B–E) The corresponding chest CT axial images in
lung (B and C) and mediastinal (D and E) window settings display moderate amount of left-sided encysted pleural effusion (arrowed) with
partial compression collapse of the underlying lung parenchyma. Biochemistry conﬁrmed the suspected exudative nature of the effusion.
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diagnose two patients in comparison to chest CT and succes-
sively diagnosed the remaining patients through demonstra-
tion of the hypoechoic central obstructive tumor and the
more echogenic distal consolidation as shown in Fig. 3. On
the other hand, we detected peripheral lung tumors well by
chest US through detection of absent echogenic line of the vis-
ceral pleura where the tumor abuts the pleura with posterior
acoustic enhancement and typically absent air bronchogram.
The typically absent air bronchogram is explained as solid
carcinomas do not contain aerated lung parenchyma (13,14).
Furthermore, chest US detected all patients with metastatic
pulmonary nodules in our study. Chest US enables one tovisualize even small peripheral metastatic lesions (28), though;
CT is the most accurate imaging modality for detecting nod-
ules over the entire lung (16).
Wang and Doelken (10) asserted that the use of pleural US
in the critically ill patients allows earlier and more frequent
assessment as well as more accurate characterization of pleural
disease than standard CXR combined with physical examina-
tion. In our study, chest US had a sensitivity and speciﬁcity of
100% for detection of pleural effusion in proportion to sensi-
tivity of 100% and speciﬁcity of 99.7% obtained by other
researchers (29). In this study, we identiﬁed the four displays
of pleural effusion described by Rumende (17) according to
its internal echogenicity; (a) anechoic (Fig. 4), (b) complex
AB C
Fig. 6 (A) Chest US image in B-mode shows moderate amount of highly echogenic right-sided encysted pleural effusion with ﬁne
internal septations (arrowed). (B and C) Postcontrast chest CT images in lung (B) and mediastinal (C) window settings display moderate
amount of right-sided encysted pleural effusion, however, the ﬁne septations seen by chest US were not evident by CT.
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the effusion), (c) complex septated (Fig. 5) and (d) homoge-
nously echogenic. Moreover, chest US has been shown to be
more sensitive than CT in demonstrating the presence of septa
inside a pleural effusion (30) as shown in Fig. 6. The presence
of septa has several implications. Chen et al. (31) demonstrated
that patients with septated effusions needed longer chest tube
drainage and longer hospital care and were more likely to re-
quire ﬁbrinolytic therapy or surgery compared with those with
unseptated effusions. Tu et al. (32) also conﬁrmed some of
these ﬁndings in medical intensive care unit patients. In our
study, chest US clearly showed ﬁne internal septations in seven
patients out of the twelve patients with encysted pleural effu-
sion. This signiﬁcant ﬁnding was reﬂected on their further
management as two of them received intrapleural ﬁbrinolytic
therapy.
It is well known that pneumothorax is a frequently enter-
tained diagnosis in the ICU (33). Its bedside diagnosis is extre-
mely important in ICU patients (20). Chest CT has become the
gold standard for this purpose inspite of having inherent prob-
lems of time lag, transportation and radiation exposure. US is
comparable to CT in the evaluation of pneumothorax in theICU patient (33). In this study, chest US has been successfully
used for the identiﬁcation of pneumothorax in a variety of pa-
tients (Fig. 7) but had only one false negative result. Thus, a
sensitivity of 92% and a speciﬁcity of 100% were obtained.
This is comparable to a sensitivity of 86% and a speciﬁcity
of 97% in the study performed by Zhang et al. (34).
The only case of pneumothorax missed by chest US in our
study was small in size and did not require drainage corre-
sponding to the result of the study performed by Brook
et al. (35). Therefore, in this study, chest US did not miss
any clinically signiﬁcant pneumothorax and is considered a
reliable bedside tool to diagnosis such abnormality. We used
absent lung sliding with the A-line sign and the lung point sign
to speciﬁcally diagnose pneumothorax, thus, no false positive
results were obtained. This is different from another study
which had ﬁve false positive pneumothoraces (3) as the lung
point sign was not used in that study to speciﬁcally diagnose
pneumothorax.
Regarding patients with hydropneumothorax, chest US
successfully diagnosed all patients as US can recognize pneu-
mothorax more easily by identifying the air-ﬂuid boundary
(22). Moreover, others ascertained that the ‘‘curtain sign’’
AB
C D
Fig. 7 (A) Chest US image in B-mode displays a multitude of exaggerated horizontal reverberation artifacts (A-lines) (arrowed) seen in
the form of echogenic lines parallel to the pleural surface and equidistant from each other. (B) Chest US image in M-mode reveals the lung
point sign (arrowed) which is the transition point between strictly horizontal lines (the so-called ‘‘stratosphere sign’’) and the normal
granular pattern (the so-called ‘‘seashore sign’’). (C and D) Postcontrast chest CT images in lung window settings display mild left-sided
pneumothorax with partial compression collapse of the underlying lung and an intercostal tube seen in situ with surgical emphysema along
the left lateral chest wall (arrowed).
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US diagnosed all patients with pathologically proven mesothe-
lioma (Fig. 8) as it is well known that US can readily
distinguish between pleural ﬂuid and thickening (36). With
US, an area of abnormal pleura can be localized which
makes yield of the targeted biopsy greater than random pleural
sampling (37). In addition, the entry of medical thoracoscopy
into the hemithorax can be avoided with the use of USin a case suspicious for mesothelioma to evade tumor seeding
(36).
To conclude, chest ultrasonography exhibited higher
overall sensitivity, speciﬁcity and diagnostic accuracy for all
concerned pleural and pulmonary pathologies. Consequently,
chest ultrasonography can be adjoined in the up-to-date
work-up of the ICU setting as an ancillary bedside tool aiding
in disease diagnosis.
A 
B C
D E
Fig. 8 (A) Chest US image in B-mode displays a hypoechoic band of continuous pleural thickening involving the left diaphragmatic
pleura (arrowed). (B–E) Postcontrast chest CT images in lung (B and C) and mediastinal (D and E) window settings display lobulated
circumferential left pleural thickening which involves the mediastinal and costal pleural surfaces with volume loss of the underlying lung.
The patient was pathologically proven to have pleural mesothelioma.
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None.
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